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December, 1952
ROYAL AIRCRART ESTABLISHMENT, FARNBOROUGH
Bomb Case Deflections Under Stacking Loads

by

J. T. Gendy, B.Sc. (Bng), A.M.I.Mech.E

SUMMARY

To determine the maximum safe stacking height for‘a.ny particular
bomb it is necessary to know the rate of deflection of the bomb case

under the transverse compressive loads obtained in stacking.

" In this note, compression tests on bomb cases are anelysed and
the maximum deflections (change in diameter -of  case) to be expected
under stacking conditions are statéd for the following stores:-

Bombs H.E., A/C, G.P., 250 1b, 500 1b and 1000 1b.
Bombs H.E., A/C, M.C., 250 1b, 500 1b and 1000 1b.
Bombs H.E., 4/C, A.P., 2000 1b.

The maximum deflections given ena;ole a safe stacking heigh‘f;‘ 'bo be
deduced for each store from a knowledge of the maximum allowable
disturbance of filling.

AR

'.%Esz‘mcr ;
SECURITY INFommaTION

[T

- oot




| . RESTRICTED
| SECURITY INFORMATION

Tech. Note No. Arm.508

LIST OF CONTENTS
Rage
1 Introduction 3
" 2 Stores selected for test 3
3  Tests spplied | . - _ A
. L Results of tests | ' k
5 Deflections with minimum thicknesses of case L
'6 Disoussiocn 5
‘7 Oonclusions 8
Advance Distribution 8
mf__ List of Symbols 9
w Detachable Abstract Cerds " Q
i
LIST OF APPENDICES k -
i Appendix
Details of Bombs Considered I x§
Results of Tests Applied to 500 1b 1.C. Bomb Body T j‘
Results of Tests Applied to 1000 1b M.C. Bomb Body III ,
Derivation of correction factors for case thickness, k4 and ko v i
LIST OF ILLUSTRATIONS
- Pige
b Bombs stacked in layers with intervening battens , 1
7 Method of applying test loads 2
':t' . Circular ring analogy ‘ 3
= = ‘

SECURI Y H\FO‘WI\TIOh




e e e, e e i e RG 48 4

MSTRICTID. PESTRICTED
SECURITY INFORMATION

Tech. Note No. Arm.508

1 I&tgguation

1:1 Information on bomb case deflections during stacking tras required
for the following stores.

Bombs H.E., 4/C, G.P., 250 1b, 500 1b and 1000 1b.
Bombs H.E., 4/C, M.C., 250 lb 500 1b and 1000 1b.
Bombs H.E., A/€, A.P., 2000 1b.

1.2 The load deflection rate for the bomb ‘case und.er _the transverse
oampressive loads due to stacking is a principal fector in detemining
the maximum height of stecldng for a particular bomb: This note describes
compression tests carried out to determine the most severc deflections of
gtse obtained with the sbove stores under the loads due to stacking.

 Using thwss results in sonjunetion with a kmowledge of the meatmanm sllow-

sble disturbance of the filling, it is possible to deduce a mafie stecking
height for each store, No attempt is mede to state sdfe stacking heights
in the present note.

1.3 Relevant detalls, from the manuracturing drawings, of the various
marks of the stores (para.1 1) which have been considered are given in
Appendix I.

2 Stores selected for test
2,1 The above stores (para.i.1) can be arranged in two groups:

(a) Those up to 12.9 ins. external dismeter.

(b) Those between 12,9 ins. end 17,5 ins. external diameter.

From considerations of thickness and length of case the store in
group (a) having the least resistance to transverse compressive loads
is the 500 1b M.C. bomb, and the carresponding store fram group (b) is
the 1000 1b M.C. bomb. Tests were therefore applied to an empty 500 1b
M.C. bamb case and to an empty 1000 1b M.C. bomb cese to determine the
greatest deflections obtainable when stacking bombs from eithexr group.

2.2 Relevant details of the two specimens tested as given on the
manufacturing drawings are as follows:

200 1b M.C. bomb case:

External diameter: 12,9 ins. at maximum section
Thickness of case: 0,285 ins. minimm
Overall length of ocase: 42.0 ins.

.4000 1b M.C. bomb case:

Externsl diameter: 17.5 ins. at meximum sectiom
Thickness of case: 0.480 ins. minimum
Ovarall length of case: 50.15 ins.

2.3 Esach specimen case was tested with the’ fuze pocket and plug in
position at the forwsxrd end end with the end plug in position at the
rear end., As alreedy stated, the tests were applied to empty bomb cases,

SECURITY IF0RMATION
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3 Tests applied

3«1 The tests were based upon the cénditions of storage where bombs are
stacked in layers with intervening battens of wood as shown in Fig.i.

The battens are assumed to have negligible stiffness so that in elevation
the stack must consist of rows and colums with the weight of each column
of stares transferred vertically -to the two battens which suppart the
whole stack. o

'

3.2 The two specimens were tested by applyﬁn‘g equal and opposlite loads
in a testing machine as shown in Fig.2. The loads were applied through

' 2 ins. square mild steel blocks having flat faces in contoact with the

case. Each specimen was subjected to two tests. In the first test loeds
waere opplied near one cnd of the case and in the sccond test loads were
applicd in a planc near the suspension lug about half way along the
parallel part of the body. The oxact positions of 1oad:l.ng arc givcm in

: thc Appendioes II end III vd.th the test rosults.

3.3 he. kxitm W‘u of Ioad were based upon the approximate

meximum load on one of two battens. arranged in typlcal positions and
gsupporting a single bomb. In the tests on the 500 1b M.C. bomb case the
moximum load on a batten due to one bomb wes taken to be 261.5 1b and

the corresponding load with the 1000 1b i.C. bomb was taken as 612 1b.

Thus, on this besis, the maximum contact load on one of two battens sup-
porting 10 tiers of 500 1b M.C, bombs was assumed to be 261,5 x 10 = 2165 1b.

3.4 Deflections were measured as chahges in the diameter of the case by
dial indicators arranged at opposite corners of the travelling head of the

. testing mechine as shown in Fig.2.

4 Results of tests

4.1 The loads applied in the tests and the corresponding deflections are
recorded in Appendices II and III. Deflections are everywhere given as
changes in diameter in the direction of the applied loeds.

Le2 Then the two tests (para.3.2) on each specimen were completed a small
portion of the case surrounding cach loading point was cut out and the
thicknesses ty and t, measured. In the pleane near the suspension lug, in
which the loads were applied in the second. test partions of each case
were also cut out and the thiclmesses t measured at positions
equidistant from the loading points (seé I‘ig.1 Appendix II and Fig.1
Appendix III). The results of these measurcments are recorded in the
Appendices II and III with the test results.

5 Deflections with minimum thicknesses of case

51 The thickness of case of the spec:.mens testod measured in the plemes
of loading (para.l.2) was overywhero greater than the corresponding minimum
thickness spocified on the menufacturing drawings (pars.2.2). It is nocos-
sary to obtain a correction factor for each sot of results by which the
observed defloction, y, can be multiplied to give the caxrresponding
deflection, y , whioh would have becn obtainod with a cese of minimum

thicknoss. 13 tho correction factor factor is danotod by ki, say, then
yo = k1y (1)

5.2 An approximate value for k, (para.5.1) cen bo derived on the assump-
tion that the ratio of the deflections y and Yo produced by equal and
opposite loads W applied in the same manner to two different bomb cases,
one of a non-uniform thickness and the other of uniform thickness t but
otharwise similar, is the seame as the oorrespmd:lng ra:l:io for loads applied

-l‘_,-‘-




Tech. Note No. Arm.508

in the same way to circulaf.rirgs of uniform width and of cerresponding.
thicknesses ‘and diameter.. . THis assumption -appears satisfactdry-for those
tests. in which- the loads trere: applied,"as shown in Pigs1 Appendix.IT. a.nd
Fig.1 Appendfx. IIT; “dri;-ayplane near thé»x\supenaien lug away from the .
constraint of the’ ends of -the.ease, ! ..

5¢3: A further aosurrrpt:.on is requ:.red w:.th regard 'bo the v&r:.ation of the
thickneds of the.cas¢ in-the plane of loeding between: the points at- which
the thicKress wis measured. . Here it is-assumed: that-the thickness. measured
at any one of two or four points in .2 -plane of loading extended circum-..  ~
ferentially, in the same plane to positions halfway to, the adjacent: poin‘bs
on elther side as indicated in Fig.1 Appendix II and Fig.1 Apperidix IIT
wheré aq si. o) denoto  arcs over:which the thicknesses ‘b1 Voo tl‘_,
respecti'vely were assmned to extend. g

5.1.. On the foregoing assumptions (paras.s.z and 5.5) 1f thn tHicknesses
t4 and tp are knom only et the loading points the oorrection factor to be
applied 1s A N ; S BRI

R

B (8470 4 £70) '

where t_ is the least thickness of Gase allowed by the ménufacturing
tolerences, If, in addition, the thicknesses 1:3 and t) are known at two
positions:in, the plene of loading equidistant from the loading points at

which t4 and tg are measured then the (more accurate) correction factor is

: L t.if,.‘;”,’..j,'f L '
. - : Co (3
[1 L}-?(t'l ‘ + t2 3) + 1;3 + tL}- 3] .

The derivat:.on of ki and k2 analogy with a. c:lrcular Ting of uniform width
is.given in Appendix IV. - - .

5.5 The deflections obtained in each test have heen torrected tb nﬂnlm\m
thickness of case by the sppropriate factor k¢ or kp as indicated and the
corrected deflections ere recorded with the observed dei'lectlons in the
Appendices IT and III. The results of test 2 on each specimen’ aie. also
shown plotted in Flg. Appendix I end Fig.‘l Appendix III. .

566 - The correctiona to m.'!.nixmzm thickness of case are on]y required :Ln
applying the test results. .to.the M.G. bombs. The. test results have 'bﬂen
applied directly to the other stores which all have o specified minimun
thickness of case greater then the thickness of the corresponding test’
spocimen.

6 Discussion

6.1 In the first and second of the two tests cerried out on each specimen
the loads were applied in planes (1) neer the end of the body and (2) in
the region of the suspension lug, near the mid-length position respectively.
The purpose of the first test was to check that there would be no unusuelly
large deflections due to end effects but, as was expected, the deflections
near the ends were less severe than those obtained near the suspension lug.
Although the conditions of loading, particularly in the second test on each
specimen, were more severe then in practice (peras.3.1 and 6.2) the deflec-
tions obtained in the second tests eppéared sufficiently small to form a

_5-,
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basis for the determination of any practicable stacking height. The
results of the' second tests were also considered to be of more general
application ‘beoausc tfic loads were applied in planos away .from the end:
offects pocilisr to. the specimens chosen for togt. Attention was there- s
fore ooricent¥ated on the results of the- second of the two tests on "caoh .
speoimén and & more accurate corrcotion factor for minimam thicknesa of
caso (pera.5.l4) was obtained by measuring the oasc thickness in the plene
of load:n.ng e:t: four points instcad of, two. -
6 2. <In applying the reSults of the second tests (test 2 Appendix II and.
test 2 Appendix III) to practical oonditiens of ‘Stacking it should bé

,nqted that’ the test conditions were more severe then in practice in the ;
'folloving particulars : :

(a) "The loads were applied in the tests throu.gh 2 ins. sguere steel )
. blocks with flat faces in contact with the batb cése whereas in
| prectice Wood battens are usea, gene:ally ot largu' sootion than

a 2408, . sdquare. i

(b) In the second test on each specimen (tes’c 2 Appendlx T and
test 2 Appendix III) the loads were applied in the region of the
suspension lug near the middle of the case whereas in practice
battens are placed nearer the ends where the ocase is stronger.

(e) Equal and opposite loads were spplied in the tests whereas in
practice the total upper and lower contact loads on opposite
: si'&es of the bcmb case differ by the weight of onc bomb.

L) Bupty bomb cases were tested whereas in practice the case is:
R partially supported against compressive loads by the ﬁ.lling.

6.3 Over the range covered by the tests the deflection of the case of
the lowest bomb appears to be a lingar function of the number of tiers in
thé. stack and the permenent set aftér “the: appl:.cation of the maximum load
is sm&ll in all the tests applied

6t Fr‘om the test results plotted in Fig.1 Appendix II end Fig.1
Appendix TIT it is concluded that the deflection (cheange in dismeter) of .
the lowest bombs in a stack will not exceed the values given in Teble I |
(p.7) which are obteained from the test results in accordance with peras.
5.5 and 5.6 as follows:

The deﬂections given for the 250 1b, 500 1b and 1000 1b G.P. bombs
are taken, respectively, as half the actual deflections and the actual
deflections from Fig.1 Appendix IT and the actusl deflections from Fig.1
Appendix III. The deflections given for the 250 1b, 500 1b and 1000 1b
M.C. bombs and the 2000 1b A.P. bomb are taken, respectively, as half the
correctea deflecticms and the corrected deflections from Fig.1 Appendix TI
and. the ocm'ected def’.l.ec*l:ions and twice the- actual def'leotions from Fig.1
Appendix IIT

- /Table

[ g
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Teble I Sk i
£1 v Mexdmum deflection ‘of.bomb cases in staclkding O R
: (Ba;sed upori. tho $est rosults esppliod ‘to the stores )
. listod in .Appcndlx I).
Meximum deflection (change in diameter)
_ of lowest bomb case in stack
- Number:. (= . > i
of tiers 250 1b| 500 1b {1000 1b 2000 1b{ 250 lb 500 1b 1000 1b
"in.staok ’ G.P. G’o:P- “ g G-P- o ' q-Pc M,. C. M'c. M.C-
bomb bomb bomb * bomb bomb bomb _bomb
ins. ins. ing, Tins; ins. | “ins. ins.
8:. Coem 0,006 1 0012 . L ] -0.01
10 - 0,002 .| 0:0036 }|:0,012 | Q02 | 0,005 ,|-0,010 |. 0,02
12 O« 0036 - 0,0073 | 0,018 | 0,036 | 0,010 | 0,020 | ©0.031
) | 0,0055 | 0,01t [ 0.02% | 0-.&8‘ - 0.015 | 0.030 0.041
16 0.0073 | 0.0145 | 0,030 | 0.060 } 0.020 | 0.04L0 0.052
18 0,0091 | 0.0181 | 0.036 0,072 | 0.025 | 0.050 0.062
20 0,0109 | 0,0218 | 0. 042 1 0.084 | 0.030 | 0,060 0.072
22 0.0127 | 0.0254 | 0. Q48 " 0.096 0,035 0,070 0.082
2l | 0.0145 10,029 | 0,054 0.108 | 0,0 | 0,080 0.093
26 0.0163 | 0,0327 | 0.C60 0.045 | 0,090 0.103
28 0.0181 | 0.0363 | 0.066 {0,050 | 0,100 | 0.113
30 0.020 | 0,040 0. 072 ;1 0,055 0.110 |'&u123 .
40 0.029 | 0,058 0,102 0.080° | 0.160 | 0.174
50 0.038 | 0.076 0,132 0,105 | 0,210 0.225
60 0.161 0.276

6.5 The practical height of any bomb stack is 1imited by one or more of
N the following considerations:

(1) Height of revetments in open storage.
(2) Height of cepacity of 1lifting tackle.
(3) strength of floor or foundation.

(4) Height aveilsble (e.g. in hold of ship).

It is unlikely that the maximum height will ever exceed 20 ft which,
with allowances for the thicknesses of the intervening battens
corresponds roughly to the maximum number of tiers indicated in Table II.

Table IT
Approximate maximum number of tiers in a bomb stack 20 feet high
Type of Bomb Approximate maximum number of tlers in 20 f‘b
250 1b G.P. 20
250 1b M.C. 20 _ -
500 1b G.P, 16
. 500 1b M.C. 16
1000 1b G.P. 12
1000 1b M.C. 12
T 2000 1b AP, 1%
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N | 7 Conclusions

7.1 Assuming 20 £t as the maximum helght of stack it 1s seen from
Tebles I and II that the respective maximum deflections (change in
diemeter) of the bomb ceses will not exceed: ’ .

0.011 ins. and 0,030 ins. for the 250 1b G.P. and 250 1b M.C. bombs.
00015 ins. and OoOL]-O ins. for the 500 1b G.P. and Sm 1b M.C. bombs.

0,018 ins., and 0,0310 ins. for the 1000 1b G.P. and 1000 1b M.C. bombs. g

0.048 ins, for the 2000 Ib A.P. bomb.

These deflections are probebly greater then the actual deflections
produced, under prwttoal omdd.tions, 4in the Lowest bo-bs in e stack
20 £t high.

i f Atteched: Drgs. Sk. Arm.L5579 to L5581
| Detachsble Abstract Cards

Advance Distribution:
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a ins.

E 1b/in®

Io ins.h‘

t‘l, tz ins.

t3, th. inSo“

t. ins,.

¥ ins.

Yo ins.

H, 1b

v, 1o

M, 1b ins.
M 1b ins.
6 Radians

U 1b ins.
W 1lb
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List of Symbols
Redius of circular ring.
A constant such that EI = cto3, EIq = ct15‘, étc.
Young's Modulus of elastioity. '

Moment of inertj:a of cross section of a ring of Unit width
and thickness t,.

Thickness of bomb case or circular ring at opposite loeding
points.

Thickness of bomb case or circular ring at points midway
between the applied loads in the plane of loading.

‘Minimun thickness of bomb case as speolfied on the

menufacturing drawings.

Observed deflection ~ chenge in diameter = of a bomt case
due to equal and oppositc. loads W, measured along the linec
of action of W. Also the deflcction {change in diameter)
of a circular ring due to cqual and opposite loads W
measured along the line of action of W.

Deflection ~ change in dismeter ~ of a bomb case of the
specified minimum thickness due to equal and cpposite
loads W.

%‘mgen;:ial thrust in the circular ring at the point A
Fig.3). .

Radial) shear force in the circular ring at the point A
(Fig.3).

Bending moment in the circular ring at the point A (Fig.}).

Bending moment.

Angle measured around the circular ring from the origin A
(Fig.3).
Strain energy stored.

Equal and opposite loads applied to a bomb cese (Fig.2)
or to a circular ring (Fig.3)

Arcs over which thicknesses t1-—tl'_ respectively extend.

ky = 2 correction factor used when the thickness of
£t (£,73 + t,70) the specimen cese is known only at the two
o M 2 loading points. Using kq, yo is given by
Yo = k1y. .
ky = he 97 correction factor used when

to2 [1a47(8972 + £570) w 4570 4 £,75)

the thickness of the specimen
case is known at the two
loading points and also at
two points midway between
them. Using kg, ¥, = k¥,

S . e

b
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Details of Bombs Congidered

External
. dismeter! Least
Description-of 4~ at Thickness [Length of ~
Bomb meximum | of Case }?ody Construction of Body
section ins. ins.
ins. ]
| 250 1b G.P. Mk.h | 10,2 0452 27.6 |Cast steel
500 1b G.P. Hk.l 12.9 0.72 3644 Cast steel
1ooo 1b G.P. Mk. 1)
n
} 1 ]
o 3) 16,0 0.75 50.75 |Cest steol
" " " I"’ .l‘_ a.pprox. .
zZom e igﬁg 10.2 0.3 27.5 {Cast steel
5oo 1b M.C. k.1 12,9 0. 285 42.0 |Fabricated steel
" ik.2 f 0. 285 40.9 Forged steel
"o e 3 " 0. 42 40.9 Cast stcel
(] " " Mk.h. 1" 0.42 36' 35
LI 11 4 " 0. 285 42,0 Body similar to Mk.1
" " " M.k.-/ " O. 285 1+1.95 " " Mk, 2
LA L VY " 0.4.2 4(6).9 Cast steol
" ] n Mk.9 n 0.)4.2 3 .35 " [
" " " Mk.10 | 12.75 0.35 | 43.75 |[Forged steel, solid nose
oo e 43 | 12,9 0. 285 42.0 |Fabricated steel
1000 Ib 3.C. Mk.1 | 17.5 0.48 50.15 |Cast steel
] 1t Mk, 2 17.5
oo e 3 | 16,0 0.60 53.32 |Forged steel
2000 1b A.P. Mk.2*|)13.5
"o )0, 3%])13.5 1.79 76.95 |Porged steel
[ " " mc.l"
)

-10 =




Tech. Note No. Arm,508

' APPENDIX IT

Resu;ts of Tests applied to 5‘0{) 1b M.C. Bomb Body

Table 1

Test.-1 - Loads applied in the plene 9.0 ins, forwards

of suspension lug

2
1 Equivalent
Load number of
W tiers
(Fig.2)| (pora.3.3)

3
Observed. deflection, y,
(chenge in dieameter) due
to the epplication of W,

Corresponding deflection,
¥., with minimun thickness
of' case = kqy = Lo42y.

= W+ 261.5 . Jo
2092 | . 8 0 0
2615 10 0 0
3138 12 0 0
3661 1 0 0
IREN 16 0.01 0. Q042
4707 18 0.015 0.0663
5230 20 0.2 0.088
5753 22 0.02 0.088}
6276 2l 0. 0225 0.0995
6799 26 0.0225 0.0995
7322 28 0. 025 0.1105
7845 30 0.03 0.1326
10,080 0. 0.1768
11,200 0. Q. 0.1768
12,320 0. 0425 0.1879
13,440 0. 050 0.221
0 0.010*

*Amount of permenent reduction in diameter after reduoing the load W

to zero.

Thicknesses of case at loading points

¥4

= 0oy 34 ins., t, = 0.514 ins.

Specified least thickness of case =t, = 0,285 ins.

Correction fastor (para.5.4) = k4 =

2

£ (5470 + £,7)

Ee tensile strength of material of case at 1oading points =
33 tons/in. and 32 tons/in.%.

-1 =
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APPENDIX IT (Contd.)

Results of Tests epplied to 5C0. 1b M:C. Bomb Body

Table 2

Test 2 - Loads epplied in the plane 1,2 ins. forwerds

of susp gnsion Iug

et

2 3 L
1 Equivalent | Observed defleotion, y, |Cofresponding deflection, :
Loed | number of | (chenge in diameter) duse|y,, with minimum thickness | ’
_ W tiers |to the application of W.|of ocase = koy = 2.71y. i
(M2 (para.3.3) | R : Yo
=W +261.5 ins. ins.
2092 8 0 0
2615 10 0 0
3138 12 0. 005 0. 0136
3661 14 0. 005 0. 0136
4184 16 0. 015 0. Q.07
4707 18 0.0175 0. Q4 7
5230 20 0. 020 0. 0542
5753 22 0. 0275 0. 0745
6276 2L 0.030 0. 0813
6799 26 0.030 0. 0813
7322 28 0.035 0. 0949
7845 30 0.0375 0. 1016
10,080 ' 0. 055 0. 149
11,200 0. 060 0.1626
12,320 0.070 0.1897
13,440 0.080 0.2168
o 0.01%

*imount of permanent reduction in diameter after reducing the load W

to zero.

Thicknesses of case (Fig.1):—

tq = 0,328 ins., tp = 0.478 ins., t3 = 0,400 ins., tl,. = 0,490 ins.

Specified least thickness of case = t, = 0,285 ins.

Correction factor (para.S5.4).

Ultimate tgnsile strength o
= 32.5 tons/in.

Le37

=Xk

2.7

t03 [1°1+7 (‘l"1“3 + tz—j) + t3-3 + tll'-jl

and

34 tons/in.c,

- 12 =

5 material of cese at loading points
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Tablc 1

1 .. Loads aJ 1mcd-hm 'bhc, planc 12.0 ins. _aft
T of " suzpaension TUR ot SRR

b v g e

1 |Bquivaleiit | Observed deflection, y, Corrcspond:.ng dcflcctlon,

: Load | ‘number of | (chengc in diamcter)..dugd,, with minimunm thickness | .
cFw * tiers | to the application of -\, fo? case = k,y A, 62y. R I
i _(?18'2) (WQ'SOJ) . s y IR | Lo yo . BN
N TErT 19 e e ins- T

3672 6 0. 0025 0, 00i.05
4896 8 0. 005 oo . 0.0081 i
6120 10 © 0.010 ¢ 0,0162 ° AR | |
730 12 0.015 S © 0,0243 A :
8568 . : 0,020 oo - . 0,032} ,
; 9792 16 0. 025 . C . 0.0405 o '
! 11,016 18. 0. 030 - . o8 .|
i . 112,250 20 0.0325 _ 0.0527 . |
o} 13, 464 .22 0. 0375 : " 0.0608°

‘ 14,688 2l 1 0.a25 . . 0.0689
15,912 | . 26 P0.0425 0. 0689
17,136 28 D0.O475 PR 0. 0770
18,360 -30. 0.0525 . 0. 0851 :
24,480 | =0 7 : 0.0725 . 0.1175 s
’ 0 0 0., 0075%* ) 0.01215% ¥
2,080 | 07 . 0.0725 - . 0.1175
30,600 50 -0.0975 i 0.1580
36,720 L. 60 , e 0,425 - 0.20250
SN 0.0275% . © 0. 0pL6*

*Amount of permanent reduction in diamétei after reducing “the previous
load W to zero.

Thicknesses of case at 1oading po:mts

| by =0 579 ins., t2 = 0,551 ins. ?

Specified least thickness of case, ty, = O.48 ihs.

- Yoy

L2 = 1.62.

Correction fastor, (patasSot) =k1 g
‘ . ’ N toj('t1 + t2 3)

oot

U‘ltimate tensile strength of gaterial of cese at loaddng po:\.nts
= 35.2 tons/in. and 37.5 tons/in.<. . . .

;13_
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APPENDIX III_(Contd.)

Results of Tests applied to 1000 1b M.C., Bomb Body

Table 2

Test 2 - Loads apg'lie‘d in the plane of the suspension lug

2 .3
k 1 Equivalent |Observed deflection, y, |Corresponding deflection,
b Load | number of |(chenge in diameter) due|y , Wwith minimum thickness
w tiers  |to the application of W.|of case = kzy = 1.72%
(Fig.2){ (pera.3.3) ¥ o e
ins, 1 ' Yo
l 3672 6 0 0
'k 14,896 8 0. 005 0. 0086
’i 61201 10 0,010 0.0172
v 7344 12 0,015 0. 0258
| 8568 14 . 0. 025 0. 0430
] 9792 16 ’ 0,030 0.0516
11,016 18 0.035 - 0. 0602
2 12,240 20° 0.040 0. 0688
4 ] 13,46l 22 0. Q475 0.0817
} 1,688 2l 0. 050 _ 0.0860
- 15,912 26 0. 0575 0. 0989
17,136 28 0. 0625 0. 1075
18,360 30 0. 0675 0.4161
24,480 40 0.100 0.1720
0 0 0. 005* 0. 0086*
24,480 40 0. 100 0,1720
30,600 50 0.1275 0.2193
: 36,720 60 0.165 0. 2838
I 0 0 0. 030% 0.0516*
{

*Amount of permenent reduction in diameter after reducing the previous
load W to zero.

Thicknesses of case (Fig.1):-
tq = 0,567 ins., to = 0.555 ins., t3 = 0,600 ins., tl.. = 0,590 ins.
Specified least thickness of case = 0,48 ins.

Correction factor (pera.5.4)

< ¢ g = Tk s e e

= 1€2 - #.97 -= 1.72.
00 [1el7 (8472 + t270) + t3"3 + tz,,‘j]

Ultimate tgnsile strength of matorial of case at loading points
= 38.5 tOnS/in.. .

e St e e

_1)+..

s e e =

oo pamey



for the uniform ring, y, = ?
. c
o
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APPENDIX IV

PN .

‘Derivation of the Correction Factors kq and kp (para.5.))

Consider a ring of uniform width and mean radius a to. which equal
and opposite losds-W are applied at A and B as shown in Fig.3(a). On: the
section just to the right of the point A there will, in gdeneral, be a
moment M,, a shear force V,, and a direct force Hy (Fig.3(b)). LT ithe
ring is of uniform radial thickness, V, = % V, Ho = 0 and My = .'.‘;Ta . If. .
the ring is not uniform in thickness, V,, H,, and M, differ slightly from
these values, but for the present purpose, and for the variations which

Jhave to be considered here, such differences are considered small enough

to be neglected. - '

With the usual notation and the usual assunptiori that only the strain
energy in bending need be ocnsidered, the deflootion of A relative to B
(Fig.3(a)) is

8 = 21
3U U . oM . 1 UM aM - N
Yo e a2, 22, ad6 (1)
oW aM AW E Jo-0 I 5V

For a ring of uniform width and uniform radial thickness t, we may write
EI = cty” where c is a constant; so that. - .

Y = Yo, 88y, =

=_27( e = 7‘/2
f Mg b2 i. e (2
o v

alp

Taking the values o

f V,, Hy and ¥, given above we have, at any point "X"
defined by e(mg&(B)?, -

D

- _ . e wal(l - L g3 §_1‘£_-2'1-l' V2
M =My - Voa sin G_Wa(ﬂ 5 sin @) so that M aW_Wa (7: + sin 8)“

and substituting this in (2),

o = /2

LWad 0.14.9Wa (3)
ﬁ— 3

(2-%aino)as=
c’t(')

6=0

If, instead of being uniform, the ring is of two thicknesses t4 and t»
each of which extend over half the ciroumference between points, on the
same horizontal dismeter, equidistent from A and B (Fig.3(e)) then the
deflection, y, of 4 relative to B would be given (from cquation (3)) by

2 c c

. \ Wad 4 : 31 a0 - -
. =<o.149>y_g_[_1_3_+_1_3_ _0:0fu5We’ (3, g =3 )

;55_
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‘APP@QIX IV ( Contd. 2

Comparing) {3) and (I;.) it 1s" seen that the velue of the oorred‘tion faotor
(para.5.1), yo k1 , for use in the formula yo'— k1y s

3

ky = oty + 0.0745 < 7 t‘2-3> i men e IR C)
L .to g S '._1:'03 <+;1-3 + o 3> -

If the ring is of four different thicknesses t,, by, t5 end t
(Pig.1 Appendix II and Fig.1 Appeéndix ITI), each extending over a quarter
of -the circumference with 34 and %, extending an cqual distance, circum-
forentially, each side of A and B rospeotively then the defleotion of
A relative to B is - , . .

0 =7/L 9=3n/L.

_—a_{: QM a._ [. ... M
y_ct3/ Mavd6+ct3/_ i Ty 46
1 N
8= =%/l 6 =%/4

osbw/h - e=In/h

a au a
+ u g0 4 ~2m Mg (6)
ot f aW " 3] . v

8 =3%/4 A

By symmetry, and by analogy with (3)

0="h a5/ 6=h . .

M o M C <
a/ _.._,.MW‘ge_a/ M%de_Za/ 1 &2 ao
6'==7lt ' 0 =3n/k T80

;]
2
oo = [ (4t of ao - ooum (2

@
klé'
P

- Wa3~/ ' (1; <% sin é) an = 0.0}Wa , (8)

- 16 -
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AFPENDIX IV {Contd.)

Substituting from (7) and (8) in (6) we have

3 p
W i - - = - .
. =¢3‘[°'0{‘1+ <,G1 3 sty 3) + 0,03 (405 3. £, 3):' ‘(9)

so that the value of the correction factor (para.5.1), Jo/y = k, say,
for use in the formla y_ = k,y is, from (3) and (9),

- M I: . ‘ < -33 ‘ -aj ‘ o. [ '-3 -45 E ;
k2 3 4 | C. Ol t1 + t2 + 0,03 ‘t3 ~+ 1:4 , that is )
(o]

k, = e 927 (10)
34 -3 =3 =3 -3
to E.b-? (b,, + 'b2 > + t3 + t)+ :l

—17 -
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